Background: Although guidelines suggest that the best strategy for evaluating syncope is clinical history and physical examination, the inappropriate utilization of diagnostic imaging is common.
Introduction
Syncope is a sudden temporary loss of consciousness and associated with inability to support postural tone with quick spontaneous recovery that is generally the result of cerebral hypoperfusion [1] . It is a common condition, which accounts 1% to 2% of emergency department visit [2] . The US Department of Human and Health Services' Healthcare Cost and Utilization Project reported a $ 3.7 billion annual aggregate charge for syncope with a mean cost of 6,647 per admission [3] . Thirty to forty percent of syncope patients are admitted for additional test which translated to an annual expenditure of $ 2.4 billion as documented in the USA Medicare Database [4] ; and much of these costs are directly linked to the diagnostic testing implemented to detect the causes of syncope [5] . Endeavors to diminish nonessential and costly admission have included clinical decision tools regarding the decision to admit, but have not determined the benefit and yield of testing in syncope [6] .
The objective of the study is to determine the utilization of echocardiogram, carotid ultrasound, and cranial computed tomography (CT) and its impact on the admitting and discharge diagnosis in patients admitted for syncope as well as to establish if the length of their hospital stay had been affected by these investigatory imaging tests.
Materials and Methods
A single center retrospective analysis was conducted in adult patients admitted for evaluation and management of syncope at Atlantic Health System's (AHS) Overlook Medical Center from January 2015 to December 2015. Charts were reviewed to abstract demographic data, admitting and discharge diagno- 
Statistical analysis
Values are expressed as mean ± standard deviation (SD). Chisquare (chi-sq) and nominal logistic regression (nominal LR) were utilized to see the association of number of imaging test ordered in relation to the admitting and discharge diagnosis. Analysis of variance (ANOVA) and Kruskal Wallis (KW) were utilized to compare the mean and median data distribution respectively to determine the association of number of imaging test ordered in relation to hospital LOS. A statistically significant level was set at 0.05.
Results
A total of 109 patients were admitted for syncope from January 1, 2015 to December 31, 2015. (Table 4 and Figure 1 ). The number of imaging test ordered in association to LOS (ANOVA P = 0.368, KW P = 0.352) as well as the number of imaging test ordered and its relation to the admitting (chi-sq P = 0.4165, nominal LR P = 0.939) and discharge (chi-sq P = 0.1507, nominal LR P = 0.782) diagnosis were not statistically significant although there was a trend of prolonged hospital LOS the more imaging diagnostic test had been ordered (Tables 5-7) . Syncope was the admitting and discharge diagnosis in 89.9% and 91.74% respectively (Table 8) . Eighty seven percent of the patients were discharged home. 
Discussion
The recommended strategy for determining the etiology of syncope is clinical evaluation with history, physical examination, and orthostatic blood pressure (BP) measurement. When the initial cause remains unclear, further investigation is appropriate. Several algorithms have been developed by specialty organizations to determine the cause of syncope but no single protocol had established its cause which translates to unnecessary utilization of test including imaging modalities to evaluate syncope. The 2018 European Society of Cardiology (ESC) guidelines for the diagnosis and management of syncope recommended that the initial evaluation of the patient presenting with transient loss of consciousness should include careful history, physical examination (including orthostatic BP measurement), and ECG which can establish the etiology of syncope in most patients, thus, enabling no further evaluation needed and instead institute planned treatment when the diagnosis is nearly evident or highly possible [7] . Also, the 2017 American College of Cardiology/American Heart Association/Heart Rhythm Society (ACC/AHA/HRS) guideline for the evaluation and management of patients with syncope recommended detailed history, physical examination (including orthostatic BP measurement), and ECG in the initial evaluation of syncope [1] . Initial evaluation is able to define the cause of syncope in 23-50% of patients [8, 9] . In some circumstances, the initial evaluation does not unravel a definite diagnosis but rather sug- gests other etiologies which necessitate additional diagnostic testing that assess the risk of major cardiovascular events or sudden cardiac death. Investigatory modalities including cardiac enzymes tests, CT scans, echocardiography, carotid ultrasonography, and electroencephalography all affected diagnosis or management in less than 5% of cases and helped determine the etiology of syncope less than 2% of the time; however, postural BP recording, performed in only 38% of episodes, had the highest yield with respect to affecting diagnosis (18% -26%) or management (25% -30%) and determining etiology of the syncopal episode (15% -21%) [10] . Cardiac imaging performed routinely is not beneficial in the appraisal of patients with syncope unless a cardiac cause is uncertain based on findings on initial evaluation that includes history, physical examination, or ECG [11, 12] . Echocardiography plays an essential function in risk stratification and serves to validate or contradict the uncertainties for the patients with suspected heart disease [13] ; however, it establishes the etiology of syncope in very few patients when no further tests are required [14] . A syncope retrospective study documented that echocardiography proposed a cardiac syncope diagnosis in 48% of study patients [12] . On the other hand in a prospective syncope study, echocardiography suggested critical valvular disease or compromised left ventricular systolic function as the etiology of syncopal event in 22% of patients [6] . Albeit echocardiography may never be capable to determine the proximate syncopal etiology, it contributes knowledge for a conceivable disease burden linked to outcome. Cranial MRI and CT are not advocated in the conventional evaluation of patients with syncope in the lack of focal neurological deficit or head trauma that aid additional investigation [15, 16] . A retrospective study that obtained cranial CT scan in patients with syncope provided diagnosis in 2% of patients [17] while a prospective study that utilized cranial CT scan in patients with syncope yielded abnormal results in 5% of patients [18] . Also, imaging of the carotid is not endorsed as well in the customary syncope evaluation in the dearth of focal neurological findings that substantiate more investigation since this approach determined a diagnosis only in 0.5% of patients [11, 15, 16, 19, 20] . In our study, cranial CT scan, echocardiography, carotid ultrasonography all affected the diagnosis in 2% of cases, have low diagnostic yield in determining the etiology of syncope, prolonged the hospital LOS, and were costly. A previous study documented an average of 4.7 days LOS for admitted syncope patients [21] while another one documented an average of 3 days which correlated with number of predictors such as age, Chi-square P value = 0.4165, nominal logistic regression P value = 0.939.
Imaging in the Inpatient Investigation of Syncope Cardiol Res. 2018;9(4):197-203 sex, and comorbidities [22] . Our study determined the utilization of an incremental number of imaging modalities ordered (echocardiography, cranial CT scan, and carotid ultrasound) and its impact on the hospital LOS which showed a trend towards a prolonged course although it was not statistically considerable.
Limitations
This is a small retrospective study and thus the sample size may possibly be a confounding factor to achieve a statistically significant power. There is a demand for extensive clinical trials that determine the diagnostic yield and observance of a systematic application of standardized syncope guideline.
Conclusions
Choosing the appropriate diagnostic tests as dictated by the patient's clinical manifestation and utilizing less expensive modality would be the appropriate and cost-effective approach in appraising patients with syncope. Chi-square P value = 0.1507; nominal logistic regression P value = 0.782.
